1 Data from 19 Japanese Black multiparous cows were collected to clarify the relationships 2 among Immunoglobulin (Ig) G, IgA, β-carotene, vitamin A and α-tocopherol contents in 3 colostrum of cows in order to evaluate the role of fat-soluble vitamins on colostral IgG and 4 IgA production. Mean colostral IgG was 141 mg/mL, ranging from 65 to 208 mg/mL, 5 whereas mean colostral IgA was 8.7 mg/mL, ranging from 1.0 to 34.6 mg/mL. Colostral IgG 6 was increased with aging in multiparous cows. There were positive correlations between 7 colostral IgG and colostral vitamin A or colostral α-tocopherol in cows, and the higher 8 adjusted R 2 was obtained in the prediction model of colostral IgG from age and colostral 9 vitamin A. Colostral vitamin A was positively correlated with colostral β-carotene or colostral 10 α-tocopherol in cows, but there were no relationships between colostral IgA and colostral IgG 11 or colostral fat-soluble vitamins. These results indicate that fat-soluble vitamin contents in 12 colostrum of cows may be changed in similar patterns and high colostral vitamin A is related 13 with high colostral IgG. 14 15
INTRODUCTION
1 2 Mortality and morbidity of neonates continue to be major problems in calves, and their 3 most common disease is diarrhea, which can cause growth retardation and death of calves. 4 Successful neonatal health depends on many factors related to management and nutrition, but 5 the improvement of immune system is required for preventing diarrhea. Passive immunity is 6 critical to the survival and health of neonates, and colostrum is a source of nutrients and 7 immune components for neonatal calves (Blum 2006) . 8 Immunoglobulin (Ig) antibodies are main immune components in colostrum and the 9 most abundant Ig in bovine colostrum is IgG (Stelwagen et al. 2009 ). Compared with 10 colostral IgG, colostral IgA in cows is very low (Ishikawa et al 1992) , but IgA is the most 11 abundant Ig isotype in mucosal secretions and provides protection against microbial antigens 12 at mucosal surfaces in guts (Fagarasan & Honjo 2003; Mora & von Andrian 2009) . In the 13 previous study (Yasumatsuya et al. 2012) , feeding whey protein is useful to enhance mucosal 14 IgA induction in calves, because feeding whey protein increased fecal IgA in Japanese Black 15 calves after 14 days of age. 16 The transfer of passive immunity reduces the incidence and severity of scours in calves, 17 although the disease resistance acquired from colostral Ig is only temporary and scours are 18 common at 5 days to 3 weeks of age in calves (Quigley & Drewry 1998 Kyoto University Livestock Farm (Kyotanba, Japan) were collected from August 2013 to 25 1 to 9, and body weight of cows at 10 days before the expected calving date was 575 ± 46 kg 2 (mean ± SD), ranging from 478 to 650 kg. The cows were managed in paddocks during the 3 dry period and an individual calving pen from 10 days before the expected calving date to 4 parturition. 5 The cows were given 2 kg/day of wheat bran and appropriate amounts of Italian ryegrass 6 or Sudangrass round baled silages to meet the TDN requirements of breeding cows 7 (Agriculture, Forestry, and Fisheries Research Council Secretariat 2008), but synthetic 8 vitamins did not offer to the cows. Italian ryegrass silages were produced from the first, 9 second and third cuttings in 2012 and the first cutting in 2013, and Sudangrass silages were 10 produced from the first and second cuttings in 2012. The wheat bran contained 0.07 mg/kg 11 β-carotene and 31.3 mg/kg α-tocopherol, but vitamin contents in silages were not determined. Colostral β-carotene, vitamin A and α-tocopherol were determined by high-performance 23 liquid chromatography (HPLC). Briefly, 50-300 µL colostrum were homogenized in 3 mL of was mixed with 300 µL of 60% KOH and heated for saponification. After the addition of 3 1 mL of water, vitamins were extracted with 6 mL of n-hexane and the extract was evaporated 2 to dryness. The residue was dissolved in 150-500 μL of ethanol/chloroform (19:1 The dystocia occurred in one cow, but no metabolic disorders were detected in the other 20 cows and the health status of their calves was good at birth. The birth weight of calves was 21 34.3 ± 3.8 kg (mean ± SD), ranging from 28.0 to 41.0 kg, and the calf birth weight was 22 positively correlated (r=0.59; P<0.01) with the gestation length of dams. 23 Mean colostral IgG in cows was 141 mg/mL, ranging from 65 to 208 mg/mL, whereas 24 mean colostral IgA was 8.7 mg/mL, ranging from 1.0 to 34.6 mg/mL (Table 1) . Colostral IgG was positively correlated (P<0.01) with the age of cows, but colostral IgG was not correlated 1 with the gestation length. There were positive correlations between colostral IgG and colostral 2 vitamin A (P<0.01) or colostral α-tocopherol (P<0.05) in cows, but there were no 3 relationships between colostral IgG and colostral IgA or colostral β-carotene (Fig. 1) . The There was no relationship between colostral vitamin A and age of cows, but a highly 20 significant relationship was obtained between colostral IgG (YIG) and age (XAge) and colostral 
